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(54) METHOD AND APPARATUS FOR MEASURING THICKNESS OF THIN FILM. AND METHOD AND 
APPARATUS FOR MANUFACTURING THIN FILM DEVICE USING THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To make the thickness of a transparent film and 
the film thickness distribution accurately measurable by frequency and 
j?hase-analyzing a spectral distribution waveform of a reflected light from a thin 
film and calculating an absolute value of the thickness from the relationship 
between a frequency and a phase component and the thickness. 
SOLUTION: A white light from a light source 41 is passed through a pinhole 42 
and a beam splitter 45, converted into parallel beams via a lens 46, then passed 
through an iris diaphragm 47, and is incident to a film to be measured on a 
surface of a wafer 48. A reflected light of the wafer 48 is passed through the 
diaphragm 47 and the lens 46, altered at its optical path via the splitter 45, and 
is incident to a diffraction grating 44. The light spectrally separated by the 
grating 44 is focused on a detector 43. and hence a spectral intensity 
distribution 37 can be obtained. This reflected light is interfered via the film to 
be measured and is provided with a spectral Intensity distribution corresponding 
to a structure in the film. This distribution is corrected and frequency analyzed 
by a processor 49, and hence its thickness is calculated. 
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1 + r, 7-3^ 





[0 0 5 1] 



[|gc2] 



|/?|' = A + B cos^2ff • 2*/, J \ C cos^2;r • 24j • j j+ £>cos^2;r • 2^/3 • j j 



(3SC2) 



[0 0 5 2] 



[^3] 



(8) 
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[0 0 5 3] 
(15:4] 

[0 0 5 4] 
[»5] 



(&4) 



An-n 



[0 0 5 5] :!k\z. JliSl?c<hiiffl*^e.]igJP^&mm-rs;^ 
fttc-pviTiJil^-r^. S4 (a) tt, HSIC^fj^^jg 
-e, dl=400nm. d2=1800nmRt/^d3=220Onmt*3l^fc 



\r\ =/4 + 5cos 



+ Dcos- 




^;i<»:*<T^-S5^-^S«^»*R (04 (b) 34) It. 
i^6T-«^n^ (04 (b) mi^o:>\Ztl^. Z. 

[0 0 5 61 

[se] 

+Ccos^2;r-2</2 



[0 0 5 7] 



[0 0 5 8] 
[^8] 



(as) 



[0 0 5 9] 
[^9] 

[0 0 6 0] mm.m.m^o)^^t\.-^. FFTSr^vifc 

(t, +2wi;r)-Ao 
tztll, /n = 1,2,3,- •• 



<f&9) 



2m7i;;t*lt§lV^fcaP»i:35:^, F FTT^ff 

[0 0 6 1] 
[Sci 0] 



(»1 0) 



[0 0 6 2] 



[^11] 



T, = — ^--2mK 



mi 1) 



[0 0 6 3] 06<Dtt^JS^TOMISrfTofc7'— rS'tC 
bT«FFT^MEM*^«^©ffiC9S&»^W^j*<^: 

[0 0 6 4] mm^mm-r^m^ tf-axT^-v'cois^^ 

O^^C^t (01O36) Cifitfffllx-^t'iOX^-v'M^ 



o:;^C7teM$rfi-fffC7>f-HA*->i/LTfeJ;V^o 

[0 0 6 5] C7X-AdtSoTViS«^. IH]gB«^i-5t^)^ 

(01(038) T, (0*-B:-r) t0i):>t (01® 

36) tWigfK, *SV^HiJ-7t5^ 



(9) 
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[0 0 6 6] m^ii^ ^*fg^b;tfe-5^Hl*5T. ftt) 
,flPT.(Dtf}t*Td 2li^'ft:,L.7'j:Vi. tOXCOtSJ^TX 

[0 0 6 7] 2^ilSE«»JT«. m&^mmiZFFTiiUE 

$r{-^A-r^c:i: lei 0*86^ (0 6 (a) ) . 

4;r • « 4;r • n 2n 



[0 0 6 8] me (b) ^Efflt^T. SiSlgc^WtwFFT 
[0 0 6 9] m<£»t^-r-5;^te<i:bTtt, ^-rj^«Sc<7) 

[0 0 7 0] ^:®mJ;0S5:l 2A^e)dfi*. 

faSrt^ritlCiO, JKPdi<&*«6^;i<i:7&iT^^. 
[0 0 7 1] 
[ifc 1 2 ] 



1 2) 



AzflL 



[0 0 7 2] 



1 3] 



2n 



(m+ l/2)Ao 



(«1 3) 



[0 0 7 3] C!:fflSrfflliTl^]PS:»m-r'5l^fe. J^JS^ 
n^^^h LTF F TmroJljSfC«*T^J*^ffi>'^T'fo 

[0 0 7 4] J^S?&««TlCF FT<&fflVi^«^, 

/StffT^-^' COSMIC J; oT^i 

^. mmit.mnh\m.>m^%\zh^tz.^, •iL^m-tm^ 

[0 0 7 5] ^ifi£icMff(CFFT<£:fflVifcS-&. 

fl6;Jf:ffi;'cffl**i>6^iii**T^S. Sit, ^&S^WJc 
MEM (Maximum Entropy Method : S;»cx>hPtf— 



[0 0 7 6] MEMtt, mW^\ZWC&-t^WS\'^^)V'!l^ 
[0 0 7 7] tf-»J*f^7>i#««ii©MT*S«-&:^J:i:© 

[0 0 7 8] ±Mi&M^^m\^tzm:mmz^m%^n^ 

KffttSlttSli, '>;^i:< <i:t)± 2 0 nmJIJAT. 1 
OnmUAT C/'^^'— >®tt^ (fUmS^ffiWlC^t-* 

m. ffii^'Pa: 0. 3 5 Mm) ^jfeSfcl-t*^^^ 
T**-535-fe (ffSyffla : ±5 0 nm) ttttStLT. S 

[0 0 7 9] itM<D^^^(Dmm^i^X'\t. s^mn^ 
\z. m^iti tJ.mKK±.<D±^^(D. mmm^f^r—m<D 



(10) 
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® It IC ^ iim !^ 1^ CO / 1 ^ - > O ® a © ,5 * -5 fij-g- 
^J#, thaW^*^. 0. 5 .am4:n*>/jN$li-y-:?'5^P 

[0 0 8 0] 0 7«. 0 3 i:l^fll©«3fi^*)-3-tt>7';i/ 
(C^>fbT. ft«®©mj¥ (dl) 

fo^mmtm^'^, -rfj.t:>-^mm(D$^itm\zMVTmtm 
i!)i:k^\,^tzit>^zmM&^\zmm(D/i^:sl^Amm<D»m^'^ 

[0 0 8 1] ±tm, m3\z^-rttmff3mmti.mmo:>m 
[0 0 8 2] dcDig^, s^^itt. Mm^m^^miz 

[0 0 8 3] <l>!r®*JM<^!|#1t:** 

tw-iiimiitmm—A<^mmzfji?>u\,^m'^-f}^&^, ^ 

mi 3) . 

[0 0 8 4] z:oi«iE©fcje>c9ffl^<&*jai-r-5:&ffii:b 
mx^. z.(D^m^i^^mxmm^mii-r^:iiiiz^ 

ffiT©n-ay^* ,t <&H:«-r -2) c i »c J; o T fell 
[0 0 8 5] m^^^mmmmzmmi.. ^(D^m^o^ 

<Dmiz^&^^mmvrzt^o)^jftKmm^^^^ n-m 
m^/'^'7 ^-iS' hvxmmzmmvtz^^R^m^ifiii 

[0 0 8 6] dc^ftt). mmt. WfW^mnxmmn 



[0 0 8 7] H-S>M^1»ii«. Kfi-1t$g;5^^>»^ 

[0 0 8 8] ±IB7-< >-^#ft^ffll/intt\ its 

e<)¥M7^ci^ii i.^'smmnxmAifii^n^'t^^'^') 

[0 0 8 9] BfmM»t-r^mmf)mmum^it. 

i^mmmcom^tiy -oi^'^mzj^K) . <w^<Dm't^^(D 
i^m^mm&^^^itmm^-^xA^i^y ^ vt-^ yif^n 

(0 0 9 0] :k\z. ±iB<DMJ¥«ltU»<^. jaiSSXtt 
y-^comm:^m(DmmM^7p-r, ms (a) i,z, m 
m:^mizm-r^f^-<D^mm^^T. mmmmyt^m 
^mmM2izmmv. mmmmm\zmmft^mf^ ^» 
m^<E>m:m(Dmm^n-o. mm:^mzm-r^f^-<^Mm 

[0 0 9 1] mmyjmizmT^m—<Dmmmizj:'o,.s^ 
mvrzmmmmomm:i5m^mm-r^o vrrnvtzmm*^ 

(DWtm^m\zy^-Ynyi;-r^o mm-jsmzmt^^ 
-a)^mm\z^-:)xmm^mm\^rz^'^. mm^^mo 
i^mmxm&-t^n<D^:^—f\(Du-Y-. ryu-Yie 
^n^w • ^mzmr^mmt:mmx^7.j\^--yy v-(o 

CO 0 9 2] mmA^in-sHuXfTt>n^tzlii. ^ihtlfz 

^Ox.-/\(Dmm'!^mizy^-\iny^-r^z.thx^ 
-s. ^fz, '^^ntzmmmm^i^ ^m^mmo^mmiz 
^bTv^^jiv ^tz\,t^isbn^i^tzmm<Dm.mizx-DX 
tiSd^^iiyjtKb. mj:<DmT^n^-r^:ithx^^, 
[0 0 9 3] mm:ismzm-t-^f^-(Dnmm^. ms 
(b) tc^f. m-o^^m&nt. cmpjoi*- p#*»f 

x-A3t^m Iterate, ]Kli^ai'\>y K4^Jf A. ^ft 

mmi^fzmtii^^^^iz^wii^xmmowrm^^ro. m 
m:^mzm-t^m-<Dmmm\zj:K), jnxs:-p$+»f-r 

[0 0 9 4] mmi3mizm-r^m-(Dmmm\z^K>. n- 
mLrzmmmm<Dmm:>jm^mm-r^o n-S'jbfci^j?*^ 



(11) 
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[0 0 9 5] mmu. jipi^&4'»fL'TfTt?n^fcae>, ft 

riT^^^'y .X— /\C05ff^B#ftT{r. y^ — h'K-y t 

[0 0 9 6] mm:^mzm-r^m^(Dmmm^^ ms 
(c) »c^-r, m^<Dmmmit. mmmxmTWz. o 

[0 0 9 7] mm^m\zm-r^m^(D^mm\t. ;4c*t 

SiJ^ff ■5:ii:»C<J;oTt>II^T#-S (08 (a) ) . 
[0 0 9 8] ^fz. 7K4'(C«®75^T[Sl^lC«Jt$nAc:'i' 

5c:i:lcJ;oTfe*^T#.5 (08 (b) ) , 

[0 0 9 9] mm:^m\zmr^m^<Dmmm\zj:io. m 

mmu-h^wmv. z.n^-Aiizmi:-r^'yx.-;\<Dm 
mmmizy^ — \fj-<i'y!7'r^. mm:^ii\zm-r^f^^<D 
^mm\z^-DTm:m^mmvrzm^. mm^mm<Dm.m 
m-vmi^-r^m<D^» • ^mzw^^nm^mm-v^. 

CO 1 0 0] m<btifzmmm^ii^^> ^n^^wimomm 
tc^bTVi-5>*\ ^rz\t^»b^^vrzmm(Dmmizx-:> 
TVis*^*M»fb. mm-A^'^ubm^-^ntzm-^xi-i^m 

-5:1 

[0 10 1] mm:^mzmT^f^-—^^^^<o^n'en(D 

* tt X - A3?: fl: ^ -a- -5 » tC i -p T fell 

[0 10 2] M»»?JJ**ii6S*ffitLT. 0iJ^tf. il 

t'^x-AG)ffi*ffi:es-^'fk;^-&-5e:ticJ;oT, 2;*: 

[0 10 3] ±mmtiis§=^n^m\^mmizw^mi^mmiz 



mmr^:it:\zj:o. mmi,zmm^^^Mi^^:it:A^-c 
[0 10 4] mm^^o). m^irtmm(Dm±mtm'm 

* 5i<J6 ^ t # , ft*n # n^r. Rgfj^B * ^*?e> T 
->1f$Sffi«)'?x-A0)JKP«^*?iJfflLT, n-aij$s 

[0 10 5] sfc±iB5i-^ff-iflij®fBiRs«. rm<D/^^- 
eiiTj^^-r^^it^^T^s. mibtiTzmm^^mmm 

CMPCDJOX^^^ (A-;/ KtJMSt/^ffiJ^I^, X^'J- 

^^-y^&ti. mmmm^S(. 

CDiSM^ CD C M P D -fe 7. ©gig*« g WTT- ^ -5 = 
[0 10 6] Sfc. t1-aiJL3tlKiHf^Jc:a-:^v^T, «tt* 

eSlT-Si^b, ijanr^^iiA^X'^^ (09) . 
[0 10 7] 'i'x-/N3^itfl=7!)i, JPX(t'©':7x— VMC^if 

[0 10 8] *n-a!it$««, t;e5i5a?i5©«ucfhS!i^^i^ 

'>=Lmz9^m-t^z.ti)<-v^ (0 9#,^j . iHi^{cj;e, 
[0 10 9] i^msits, -^x-AtcML-Tfi^a^tp-B-s 

[0 110] 0<l^«. f^^lms^«:;»c#$*^<^> 1 0 uLxnm 

««{c&a»i*-r-5)c:t*«T#s (015) o 
[0 111] t[m}^^<D^m^ib-f3miivx. n^-y 



(12) 
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(Ell 6) . 

[0 112] ^m»:it>mm^rz.\,t^<Dm(Dmmiz^K), 
[0 113] ^tz. ^t(3mmhrzs\-m,^\z&m^eb^n 

ElttT*^«-&30i#;^6n^ (iai4#M) . Wrmij^f)^ 

[0 114] ifc*iJS^ffi<i:LT> tl-aiJ^^ia 

[0 115] *;t±B2¥iJ«&gIf;TfT5:ii=b#Aen 
-5, 

[0 116] fha!l^tg*lJ^«, t1-i!l^»lCfToTfcAli 

So 

[0117] MMtfairasM^wiS^. MJpfta'j^wfle 
s, 

[0 118] tf»J.^^a©Bi«*^eA^->®B 
#;^en-5. 

[0 119] i/S:±l2®2t3©:5-ffi*ffi*-'&t>-BrS;ii 
t)5§-;ien'5. 

[0120] ±mm^MMi.i^&s^<Ds^mm^<Dmm:^m 

#;^€)ns. 

[0 12 1] mmM.^m<^mmt'Z-'mz^\:^x^wvx 



[0 12 2] mmamm(D/t^ -y^m^-r^-a-w^^m 

[0 12 3] H-»J?a^cD;*c^$«^mT'#S7tl:(c<l;o 

T^iM^ns. 'Jii-muytm:f)m^x^ni-£. iiM<D:k^ 
[0 12 4] mm^s^m-r^mommmm^t. ^(D:k^ 

[0 12 5] mm-r^^<DW.^(D:k^-^\zj^-:3xmm6^ 
^mmf&m\i!^fs.-ox<^o tt«^Hf*/h$<-rn«i; 

010 (b) i,z^-r^^izn^mmm(Di^^-^i)^/-^^-> 

[0 12 6] «^«/jN^/ii^'&tii«ffl«^cSte*Mffit 

^<Dmmm\zis.^m<^^Mm-r^. ^tziimmmoymm 

tt^. ^rz\tjK\^^mmxitm^.ii^yy<D:k^^$>^\^^ 
it^m&3timm^miiiT^z.ffy^-^mx'&K). ^y^u 
mmmizt'E>tonu\^^'y:j^-j\±mmmm^^'^miif3. 
s. mm±t^<D^m(onm'^m.^'&t>ith'^t&xsi>^, 
[0 12 7] ffSffi»*/'?iS'->«ii£ATic-rn«, MJ? 
^9\-m'r^ zLhiz^r) x/-^^—ym^<DmmA^x^^. 

^s<^*;^m-rs^:t*^"t?#s (laio (c) > « 

[0 12 8] ;i©i$^-«S4a^J^t»J^<^Tfi:««®'5^ 
[0 12 9] ;SI*^0^^-^^^tJ<&/»«f«!lS-r5, *^ct± 

mz^m<^m£hSYm^&t^^ti.^^ mmtmat^mm 
tcffhsj-r-sctTi^-r^s (011) . m&tim^stti. 

T0iJx.«. 4*P?I¥7 - 7 4 0 8 8^^^ie«K), «EIH 

[0 13 0] mm^titzmf^Rismm^^. -^■©'^x- 
A±oj^g. ^coB#<Daix^^s.i>'S(±s$nAcW^i/- 

^f-t^-^izmmx^^o 

[0 13 1] W-S!lbfcl^J?5i-^|i<h[H]OiJ-?P 

^!z.ti!)^x^^ (011) , ±ti^m^izm^-r^:^i^ 



(13) 
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M<£«ff-r-5^<t{cj:t3, 3 m commit M.^^tA^X'^ 

[0 13 3] mm^^tma^isii<Dm'S:t^z.ii\z^ 
[0 13 4] mm^m\t^rz, n-ffl!i5"-^j:o^ffi$n 

m^<D^^^m ViTtfcKT-S ;i <h J; 0 iig#©ffiM<£r^ 

[0 13 5] s^mvfzmm&^^^it^^y'-^ t:^m<o 

[0 13 6] ±iemg^JttCMPJni^®/'^i5' — >OD}g 
[0 13 7] H-a]*flfe«jg*i^STfe^»-&, iDlOW 

^TMP * n-ffl'j-r -s I? ic i 0 ^ ©eicOT ® « js $ i+fflij 

(012) . 

[0 13 8] «rBiM;?sw-s>j-rsei<tt:j;o. mmm<D 

[0 13 9] ffijiiC0@«MP?rfhPJL'TS3SglcM/P<£ 

3 > h □ — ;i'-r ^ ^1 i T ^ ^ . 

[0 14 0] #e«lii<©thS!)*f^lS*ti-iB|-r^l?S5, T« 

[0 14 1] ±mvrm^mt:;*-^)vo)cup\zmmLt:i 
[0 14 2] iraioHa?^Tifas^£fT'5^©:i<!:{c<fco. 



[0 14 3] -^m^T^mb^tswTtostS/O^e., tfrij 

[0 14 4] MP^thjayr-sfcidt^J-Tt^^? 
a^T'W-iiijbTt)A<. ^(Dm^mm\z^^xhmmn 

[0 14 5] m^itm^oymmmmmmmtmmnmm 

> tf 3. - 5' - 1 ^ L A N « CD® fa b 

:j.-^-iz^t:)ji-^^m'^nm-r^:^m^^^^n^^ 
[0 14 6] mmi^^mm^n^^^mm\tmmii&mm 
T.mx'ii^<Dmmiz^-:>xmmi!}^^it-r^o ^<Dfz.^z. 
n i^ssB idKJSff-asi^B 0 # It ^ c t J; 13 

[0 14 7] 

#:5^A*-< X ffii^T -5 J; y^Mjfi 7 > ^ fi£ 

[02] fi£*C0MJ¥H-a!J • «a->7.5^A<&^-rillS«fiK0 
[0 3] — gC0A5'->*i?¥&-r-5»-&omM;^J:iK*fffi 

[0 4] (a) aife^j-3ts*f*5i-*o-fi»J. (b) 

[05] (a) *^BJ(cJ:^^ai?t^:3--5' h-S:W^i» 

iciatt^c*i^©iiiseip£0 (b) i^mn\z^^m!x%'^=i- 

=Ly htcJ;oTP«lraX**»rbTW-»J^fT-5«-&oaS 
«fiE0 (c) :i^^m\Z^^i^myt^=i-=-y h\Zj:-:>xm 

[0 6] 'f—S'(owLioi}-^i)^'bmm^Wih-r^^x<D9!}! 



(14) 
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(13 7 3 mmnmizm'^^^t&mt^m^^r^m'^<Dwm 
(D^m^^ (b) ^^m^^vTmm^-r^^'^(Dmm 

[010] thaiJ^a^W;*:^^««O#^:&ftcD-0iJtlt 
^ J; TfhS'J^S**^^)^*^ ^ t * S^f— 

(011] oj:.-j\mm(Dmm^^iimmBat^mm 

[012] ^Hi^iiO#»^*tta'Jt-^J^-&®«lBS«B£ 

[013] ItiEtti^O— 0iJ<£:^-riEII«0-efe-5. 
[014] thSW«Brflg;itil^^SlE75;i^-&cDfhaiIffilF{4 
go— 0iJtr*-t"«tBS0T* ^. 
[015] T5-1'>^>h:&ffiC0— ««JSr^f«tlil§0Tcfe 

-5. 

[016] mmmm^m^^r^m'^cDSYmitLm^ibyjm^ 
[^^^wittBj] 



1 ':7x-/N3^J*A 2 ST^S 3 

6 iPJL—/^ 

7 8 ye^m lo- 

..-^aaiHiss 

2 1. y-^^'— > 2 3 M 

4 1 efeTtil 4 2 tf>*-Jl' 

4 3 ^mSg 4 4 11I*T^^ 4 5- 

4 6 UyX 4 7 )t^iK?t3 4 8- 

— r:7x— A 

4 9 5^-r5'B(Oi?.^*5<J;CXMil»m5aSlll8& 5 0 



5 1 M<^u>x 5 2 mmm eo- 

9 1 A<y K 9 2 X^-U- 1 1 1 

— XYZXT—z^ 

Ii2-^ms§ 113->^;i-A 

1 1 4 ■■■5'-^wi0ii,^t5^z^mmn-mmm^^ 1 1 
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W^ilim«^rf?^«E^fflBI292#iffi»^ 

(72)^8^^ ±|jj 

mMfB/h¥TfJ±7K*W5:Tg20#ffi 1 ^» 



F^— 2F065 AA03 AA17 AA30 AA58 BB13 

RBI 7 CC19 nD03 EE04 ER08 

FF44 FF67 GG03 GG04 HH03 

JJ02 JJ03 JJ16 JJ25 JJ26 

LL12 LL30 LL37 LL42 QQ16 

QQ25 QQ26 QQ27 QQ29 QQ44 

3C034 Ml 3 AA17 BB93 CA05 CA22 

CB13 DDIO DD20 

3C058 AA07 AC02 BA09 BC03 CBOl 

CB03 DAI 7 

4M106 AAOl AA09 BA04 CA48 DH03 

DH12 DH31 DH60 DJ19 DJ20 



